INTRODUCTION
To prevent excessive treatment of tobacco plants and crops with pesticides, several countries have prescribed maximum levels for pesticide residues. In view of these legal measures, the laboratories of the industry made a considerable effort to analytically assess pesticide residues in tobacco and in smoke. By systematically monitoring the leaf crops, it has been established that the trend is towards less pesticide residues in general, and an almost complete absence of those substances the use of whid:t on tobacco crops has been prohibited in the tobacco-producing countries. Although governmental regulations refer only to the pesticide residues remaining in the manufactured tobacco products** (cigarettes, cigars and pipe tobacco), this study investigates the fate of these substances during smoking, in particular their transfer from the tobacco into the smoke, and their retention by commercial cigarette filters.
EXPERIMENTAL

Objectives of the Study
a)
Determination of the transfer of pesticides into the smoke from four different types of tobacco blends, keeping constant cigarette paper and filter (cellulose acetate: 5.0/ 45,000 Y): American, Maryland, Virginia and Oriental blends.
b)
The effect of filters was tested on American blend cigarettes tipped with the following four types of filters: cellulose filter, cellulose acetate filter I 5.0/45,000 Y, cellulose acetate filter 11 2.1/36,000 Y, and a d:tarcoal filter in the plug-space-plug configuration.
• Presented at the 6th International Tobacco Scientific Congress (Coresta) held in Tokyo, Japan, in November ·1976. Received: 31st August 1977-accepted: 8th November 1979.
•• Except for Yugoslav government, which refers to pesticide residues in tobacco smoke.
Figure 1. Definition of terms.
A: Amount of pesticides In the tobacco filler to be smoked. B: Amount of pesticides In the tobacco part of the cigarette butt. F: Amount of pesticides In the smoke retained by the cigarette filter. C: Amount of pesticides In the smoke retained by the Cambridge filter pad.
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Transfer Rates (T)
Transfer into cigarette filter: The following pesticides were studied:
Methodological Considerations
As shown in Table 1 , several of the pesticides determined in the cigarette blends were present in very low concentrations or could not even be detected. Calculation of transfer rates and of retention by filters could, therefore, not be done on individual substances, but had to be based on the total pesticides present. When determined in smoke, the total pesticide figures also include those substances which were not originally present in tobacco, but were formed by partial chemical degradation upon smoking. In some of the experiments, the cigarette blend was spiked with an additional amount of pesticides, i.e. approx. 10 llg/cigarette per substance, applied by injection into the cigarettes. The recovery rates of the injected pesticides from tobacco showed that the injection method was acceptable.
RESULTS
The average total pesticide transfer rate was 17°/o (Table  2) ; it appeared to be independent of the tobacco type (American blend, Maryland, Virginia, Oriental). However, as shown in Table 3 and Figure 2 , the percentage of retention by the cigarette filters depended on the efficiency of the filters used, according to the type of filter. The retention by the cellulose acetate filter 11 was comparable to the retention by the cellulose filter. The latter showed comparable retentions for both total pesticides and nicotine. In both the low and high pressure drop cellulose acetate filters, however, the pesticide retention is lower than the nicotine retention. The charcoal filter retained comparable proportions of pesticides to the cellulose and the cellulose acetate 11 filters, but proportionally more nicotine. When cigarettes spiked with additional pesticides were used, it was found that the activated charcoal did not retain pesticides from the smoke stream. This observation is based on identical retentions by the plug-space-plug filters with empty vs. carbon-filled cavities (see Table 4 ). Pesticide transfer rates were observed to be higher in spiked than in non-spiked cigarettes. It is hypothesized that injected pesticides are not integrated into the tobacco substance and are more readily volatilized. Results obtained from spiked cigarettes were therefore not used to calculate the pesticide transfer, but only to determine the retention by the filter of those pesticides present in very low concentrations in tobacco.
Degradation of Pesticides during Smoking
Although no o,p' -DDE was present in the tobacco, its occurrence in the smoke was confirmed. Both o,p' -DDT and p,p' -DDT were partially degraded to o,p' -DDE and p,p'-DDE, respectively (6, 7, 8) . The average degradation yield for both p,p'-DDT and o,p'-DDTwas 30/o, of which 2.5 Ofo was recovered in the smoke and 0.5 Ofo in the filter.
Transfer of Pesticides to the Tobacco Butt
The transfer of pesticides into the tobacco part of the cigarette butt is calculated according to the following formula: ......
Transfer into butt (Ofo) = B after smoking -B before smoking X 100. A Actual results were surpnsmg in that fewer pesticides were determined in the tobacco part after smoking than before smoking. There was an average negative transfer of 40/o. Individual pesticides and degradation products (e.g. o,p' -DDE) however differed somehow in behavior.
There is no doubt that there is a zone where the temperature facilitates the volatilization of the pesticides during smoking. This zone is not the same for all the pesticides; it depends in each case on the boiling point and degradation temperature (9). ·
The following phenomena are likely to occur in sequence or simultaneously during burning: Volatilization and transfer of the pesticides, partial degradation and transfer of the degradation products, eventually followed by total decomposition in the cigarette coal. This was confirmed by the absence of any trace of pesticides in the cigarette ash. Pesticide retention by charcoal filter. 
